The epidemiology of extrapulmonary tuberculosis (TB) is not well understood. We studied all cases of extrapulmonary TB reported in San Francisco during 1991-2000 to determine risk factors for extrapulmonary TB and the proportion caused by recent infection. Isolates were analyzed by IS6110-based restriction fragmentlength polymorphisms analysis. There were 480 cases of extrapulmonary TB, of which 363 (76%) were culture positive; isolates were genotyped for 301 cases (83%). Multivariate analysis identified young age, female sex, and HIV infection as independent risk factors for nonrespiratory TB (excluding pulmonary, pleural, and disseminated TB). Pleural TB was less common in HIV-seropositive persons and women than were nonrespiratory forms of extrapulmonary TB. Pleural TB is different from other forms of extrapulmonary TB and is associated with the highest clustering rate (35% of cases) of all forms of TB. This high rate of clustering occurs because pleural TB is often an early manifestation of recent infection.
miological patterns and the proportions of persons with TB as a consequence of recent (as opposed to remote) infection. In addition, the degree to which extrapulmonary TB may be associated with transmission of Mycobacterium tuberculosis is not known. To assist in elucidating the current epidemiology of extrapulmonary TB and to better define its pathogenesis, we conducted a population-based molecular epidemiological assessment of extrapulmonary TB in San Francisco during a 10-year period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) .
METHODS
The population studied included all patients with TB who were reported to the Tuberculosis Control Section of the San Francisco Department of Public Health during the period of 1 January 1991 through 31 December 2000. Cases were classified by the major site of disease, as defined by Centers for Disease Control and Prevention (CDC) reporting guidelines [8] . Cases were classified into pulmonary and 7 extrapulmonary categories: cervical lymphatic, pleural, bone and joint, genitourinary, meningeal, peritoneal, and all other sites combined. To characterize the epidemiology of extrapulmonary TB, only patients with a single site of disease (without any additional site involvement) who had positive culture results and whose isolates underwent molecular genotyping were included in the analysis. Patients were divided into 5 groups for the purposes of analysis: patients with pulmonary TB, those with extrapulmonary TB, those with cervical lymphatic TB, those with pleural TB, and those with nonrespiratory TB (i.e., excluding pulmonary, pleural, and disseminated TB). The study population was also categorized by age, sex, race, country of birth, and HIV infection status. Specific information regarding TB included the date of diagnosis, site or sites of disease, and findings of chest radiographs and of other microbiological studies. Patients with pleural TB were defined as persons with cultures of either pleural fluid or biopsy specimens positive for M. tuberculosis. The study protocols and procedures for the protection of human subjects were approved by Stanford University (Stanford, CA) and the University of California, San Francisco.
Genotyping. Initial isolates of M. tuberculosis were genotyped using IS6110-based restriction fragment-length polymorphism (RFLP) analysis as part of a prospective study of the molecular epidemiology of TB in San Francisco. IS6110-based RFLP analysis was performed using methods described elsewhere [9, 10] . Isolates that had identical IS6110 RFLP patterns and 15 hybridizing bands were considered to be clustered; those with р5 IS6110 bands were analyzed with a second technique using a probe for the polymorphic guanine-cytosine-rich sequence (PGRS) [11] . The resulting patterns were visually examined and defined as matching if the number, relative intensity, and molecular weights of bands were identical. Patients with identical genotypes within 12 months of one another were presumed to be epidemiologically linked (i.e., clustered), with one patient in the cluster representing the source case and the remaining patients having developed TB as a result of recent infection with progression to clinical illness in the 12-month period. Infections due to strains that did not match any other strain in the database (i.e., unique strains) were presumed to have developed from reactivation of latent infection.
Statistical analysis. Comparative statistical analyses were performed for demographic, medical and microbiological variables between pulmonary and extrapulmonary TB cases. Persons whose HIV serostatus was not known were treated in the analysis as if they were HIV negative, as described in the previous study from San Francisco [12] . The likelihood ratio x 2 test statistic was used to determine univariate statistical significance and the joint significance of the independent variables in multiple logistic regression models. The Kaplan-Meier procedure was used to plot and compare cumulative hazards for the groups considered. This analysis presents a cumulative probability of clustering over time for the various forms of TB and allows an indirect estimate of the shortest possible incubation period between clustered cases. was considered P ! .05 to be statistically significant. ORs and 95% CIs were calculated. Comparisons between the following categories and pulmonary disease were performed: all forms of extrapulmonary TB combined, nonrespiratory TB (i.e., excluding pleural, pulmonary, and disseminated TB), and individual categories of extrapulmonary TB. All statistical calculations were performed using SAS software, version 8.2 (SAS Institute).
RESULTS
From 1 January 1991 through 31 December 2000, a total of 2708 cases of TB were reported in San Francisco. Of these, 2389 cases (88.2%) had only 1 site of disease identified; 1983 (83.0%) of these cases were culture-positive, and samples for 1677 (84.6%) of 1983 cases were genotyped and included in the analysis. There were a total of 1376 cases (82%) of pulmonary TB and 301 cases (18%) of extrapulmonary TB (table  1) . There were no significant differences between patients with culture-positive and those with culture-negative extrapulmonary TB with respect to demographic features or HIV infection status (data not shown). The largest proportion of extrapulmonary cases occurred among persons aged 25-44 years (table  1) . Asians constituted 63% of all patients with extrapulmonary TB. The majority of both extrapulmonary and pulmonary cases occurred among foreign-born persons. Of the cases of extrapulmonary TB, lymphatic TB constituted the largest group (136 cases [45.1%]), followed by bone and joint TB (47 cases [15.6%] ) and pleural TB (43 cases [14.3%]). There were 23 cases (7.6%) of genitourinary TB, 14 cases (4.7%) of peritoneal TB, 5 cases (1.7%) of meningeal TB, 6 cases (2.0%) of disseminated TB, and 27 cases (9.0%) with a different site of involvement.
In a multivariate analysis of risk factors for extrapulmonary TB, younger persons had a greater likelihood of having extrapulmonary disease than did persons aged у65 years (P p ) (table 1) . Female patients were more than twice as likely .03 as male patients to have extrapulmonary TB ( ). Race, P ! .01 place of birth, and HIV infection and cluster status were not found to be significant risk factors for single-site extrapulmonary TB.
Patients aged р44 years were more than twice as likely as older patients (age, у65 years) to have lymphatic TB (P p ); females were three times more likely than males ( ) .01 P ! .01 and foreign-born persons were more than two times more likely than US-born patients to have lymph node involvement ( ) (table 2) . HIV infection was significantly associated P p .01 with an increased likelihood of lymphatic TB ( ). Patients P ! .01 with lymphatic TB were twice as likely to have TB with a unique Pleural TB was significantly less likely among persons with HIV infection ( ) (table 2) . In multivariate analysis, race, P p .03 age, place of birth, and sex were not significant risk factors for pleural TB. Pleural TB cases were ∼2 times more likely to be clustered than were pulmonary cases ( ) (table 2) . Pleu-P p .03 ral TB as a sole manifestation had the highest rate of clustering of all forms of TB; the rate was significantly greater than that for pleuropulmonary, pulmonary, and nonrespiratory TB ( ). Given this significant difference in clustering risk and P ! .05 demographic risk factors, patients who had pleural TB were compared in a separate analysis with patients who had other forms of extrapulmonary TB in a combined category of nonrespiratory TB (i.e., all cases of extrapulmonary TB except for cases of pleural and disseminated TB; table 3). Compared with nonrespiratory TB, pleural TB was significantly less likely to occur in women and in HIV-infected persons ( for P ! .001 both). Pleural TB was ∼3 times more likely to be clustered than non-respiratory cases ( ). A Kaplan-Meier analysis of P p .03 the time between cases in a cluster for pleural, pulmonary, and nonrespiratory TB was performed ( figure 1 ). This analysis showed that, in almost three-quarters of clustered cases of pleural TB, clustering occurred within 6 months of a previous case; all cases within clusters appeared within 2 years. This contrasted with clustering of pulmonary and nonrespiratory TB, which did not cluster so rapidly.
In bivariate analysis, risk factors for other forms of extrapulmonary TB (genitourinary, bone and joint, peritoneal, and meningeal TB and other forms combined) were similar to those for lymphatic TB (data not shown). Given the small number of patients, and given that their characteristics were similar to those of patients with lymphatic TB, these categories of extrapulmonary TB were analyzed together in the category of nonrespiratory TB. Young age, female sex, and being foreign-born were significant risk factors for nonrespiratory TB (table 2) . Compared with pulmonary TB, HIV infection was associated with a significantly greater risk for nonrespiratory TB (P p ). Furthermore, isolates recovered from patients with non-.01 respiratory TB were significantly more likely to have a unique genotype pattern than were isolates recovered from patients with pulmonary TB ( ). P ! .001
DISCUSSION
In this population-based molecular genotyping study of TB, we have demonstrated that the epidemiology of extrapulmonary TB differs from that of pulmonary TB and that pleural TB is distinct from other forms of extrapulmonary TB. Compared with pulmonary TB, nonrespiratory TB is more common in female patients, younger-aged persons, and HIV-infected individuals. Reactivation disease accounts for most cases of nonrespiratory TB. However, pleural TB as a sole site of involvement had the highest clustering rate among all forms of TB. At least 40 percent of cases of pleural TB in San Francisco were in clusters and, thus, were assumed to be due to recent infection.
The high rate of clustering among cases of pleural TB could be due to the fact that patients with pleural TB are transmitting M. tuberculosis to others or because they represent secondary cases. The latter is the more likely explanation, because pleural TB is known to be an early manifestation of primary infection, as noted in clinical observations in previous reports [13, 14] . In our study, evidence to support this claim includes the following: (1) case patients with pleural TB had negative sputum culture results (or were unable to provide respiratory specimens), (2) no case of pleural TB appeared to be the index case in a cluster, and (3) all cases of pleural TB had clustered within 2 years of the previous case in the cluster. The findings of a Kaplan-Meier analysis of days between cases in a cluster for pleural TB was significantly different from those for pulmonary and nonrespiratory forms. Among cases of pleural TB, there was a strikingly rapid rate of clustering within the first 6 months: more than three-quarters of clustered pleural cases appeared within 6 months of a preceding person in a cluster. Furthermore, all clustering of cases of pleural TB did so within a 2-year period, suggesting a relatively short latency period, compared with cases of pulmonary and nonrespiratory TB, which continued to cluster as long as 7 years after a preceding case. Given that pleural TB is a marker of primary infection, moreaggressive investigation to determine the source case in a manner similar to investigation of pediatric cases is justified for these persons. At present, current CDC guidelines classify pleural TB as a form of extrapulmonary TB [8] . However, because pleural TB is associated with different risk factors and clustering rates, reclassification of pleural TB in a combined pleuropulmonary TB category (as in the United Kingdom) may help emphasize the importance of this form of TB and its implications for TB control.
In the past, early postprimary pleurisy with effusion mostly affected adolescents and young adults, and it rarely affected older adults [15] . More recent reports have noted an increasing proportion of cases of pleural TB among older individuals who have radiological evidence typical of reactivation pulmonary TB [16] [17] [18] [19] . Consistent with these reports, our study found that patients with pleural TB due to reactivation disease (with a unique genotype pattern) were older than patients with recent infection. A significant age difference between patients with clustered and those with nonclustered pleuropulmonary TB was found (mean age, 43.5 vs. 52.4 years;
). However, pre-P p .02 vious studies that examined the relative contribution of recent infection versus reactivation disease in pleural TB [16] [17] [18] [19] have relied on imprecise estimations based on radiological and clinical features, as well as convenience sampling. Our study, a population-based study that involved molecular genotyping, helps quantify the proportion of each form in the current epidemiology of pleural TB.
TB-associated pleural effusions are thought to represent a delayed hypersensitivity response to mycobacterial antigens in the pleural space, which gain access via rupture of subpleural caseous foci [20, 21] . In spite of there being a low number of organisms, an immunologically mediated effusion develops. Because of the immunological basis of pleural TB [22] [23] [24] , the role of CD4 + lymphocytes [25] and the importance of the integrity of the delayed-type hypersensitivity response, TB pleuritis would be expected to be more common in HIV-seronegative persons and persons with high CD4 cell counts who are HIV seropositive. Jones et al. [3] reported a positive correlation between pleural TB and CD4 + lymphocyte count in HIVinfected persons with TB. In the study by Jones et al. [3] , the prevalence of pleural effusion in HIV-infected patients with TB Figure 1 . Kaplan Meier plot of the cumulative probability that a case of tuberculosis was caused by a strain with a genotype that matched a previous case, by year. The greatest amount of time between a case of pleural tuberculosis and the preceding case with matching genotype pattern was ∼2 years. In contrast, for cases of pulmonary and nonrespiratory extrapulmonary tuberculosis, the greatest amount of time between a case and the preceding case with matching genotype pattern was 17 years.
who had CD4 + lymphocyte counts of 1200 cells/mL was 27%, whereas it was only 10% in patients with CD4
+ lymphocyte counts of !200 cells/mL. This is consistent with our findings, in that the risk of pleural TB, as a single site of disease, was ∼5 times greater in HIV-seronegative individuals than in HIVseropositive individuals ( ). Inclusion of patients with P p .03 multiple sites of disease, which is more common among persons with HIV infection, may have altered this finding.
Other findings also help reconfirm the strong predilection for extrapulmonary TB among foreign-born persons, younger persons, and women that have been noted previously in larger studies [5, 7] and remain largely unexplained. Impaired host immunity has been suggested as a risk factor for extrapulmonary TB in HIV-uninfected persons [26] . Racial differences in susceptibility to TB associated with possible genetic factors have also been reported elsewhere [27, 28] . However, the striking propensity for nonrespiratory TB in these risk groups is not understood. Also, in contrast to pulmonary TB, in the vast majority of cases, nonrespiratory TB is due to reactivation of latent infection. More than 90% of nonrespiratory TB isolates had a unique genotype pattern in our study population.
Limitations of our study are worth noting. We used a restrictive definition of patients with extrapulmonary TB by including only persons with a single site of disease and with culture and genotyping data available. Thus, our results should not be generalized to patients with multiple sites of diseases, a situation that is more common among HIV-infected patients with TB. It is also possible that some patients were misclassified as having a single site when, in fact, they had another extrapulmonary site that was not identified. Given that only patients with genotyping information were used in analyses, our sample size was constrained and thus underpowered for analysis of other, less common forms of extrapulmonary TB. Finally, pediatric patients with TB constituted a very small portion of our study population (!1%), precluding informative conclusions about and extrapolation of our results to this group.
